Introduction
Traumatic brain injury (TBI) is a major health concern for children in the developed world, and soldiers exposed to blast injury. [1] [2] Cerebral perfusion pressure (CPP) management is critical to the outcome of patients with TBI, but there is debate regarding optimal CPP management strategies. [3] [4] [5] The latest guideline for management of TBI from The Brain Trauma Foundation endorses the option to individualize management with ancillary monitoring, specifically citing the use of autoregulation monitoring and the pressure reactivity index (PRx). [3, 6] The PRx is a low-frequency linear correlation between mean arterial blood pressure (ABP) and intracranial pressure (ICP) [7] In health, the PRx is negative because intracranial blood volume (and therefore ICP) has slow fluctuations which are phase shifted from similar slow fluctuations of ABP. When vascular reactivity is impaired, the PRx is positive because low-frequency intracranial blood volume changes are in phase with ABP changes. [8] Patients with CPP in a range that optimizes the PRx have better outcomes. [6, 9] We seek to evaluate rheoencephalography (REG) as an alternative to ICP measurements for the purpose of monitoring pressure reactivity. Rheoencephalography is the measurement of impedance across the brain, which is a function of the ratio of insulating (fat) and conducting (blood and cerebrospinal fluid) mass. [10, 11] Oscillations in the REG signal occur at pulse and respiratory frequencies, thought to be the result of blood volume shifts during hemodynamic cycles. The rate of change of the REG waveform has been shown to increase with decrements of ABP above the lower limit of autoregulation (LLA), and decrease with decrements of ABP below the LLA. [12] We propose that these changes in the REG waveform are due to vascular resistance changes associated with autoregulatory activity. We therefore hypothesize that slow changes in pulse amplitude of the REG recapitulate similar low-frequency changes in mean ICP. Further, we hypothesized that vascular reactivity can be monitored by correlation of REG pulse amplitude with ABP (REGx). We tested these hypotheses by comparing the REG pulse amplitude with ICP and REGx with PRx.
Methods
Hypotension was induced in piglets (5-7 days old, n=9) over 3-4 hours by inflation of a balloon catheter in the inferior vena cava. This method allows for the occurrence of spontaneous slow waves of ABP as hypotension ensues. The fundamental amplitude of the REG waveform at pulse frequency was calculated and updated every 10 seconds. The ICP waveform was low pass filtered by recording 10 second mean values. This operation removes pulse and respiratory frequency oscillations from the ICP, but preserves slow wave activity, which occurs at periods between 20 and 300 seconds (see figure 2 ). 
Results
The PRx and REGx both detected the LLA in this cohort of animals. The REGx was less robust at extremes of hypotension. This is shown in plots of REGx and PRx as a function of CPP normalized to the LLA, with receiver operator characteristics (figure 4). Bland-Altman analysis of the PRx and REGx shows that the REGx is slightly biased to a low result (bias = -0.13 when comparing the difference vs. the average), consistent with the low scores seen at extremes of hypotension in Figure 4 . Correlation data are shown in figure 5 . In this study, the REGx gave the most accurate information at CPP around the LLA. 
Conclusions
The REGx is a promising modality for measuring cerebrovascular pressure reactivity. The finding that the fundamental amplitude of REG at pulse frequency recapitulates slow waves of ICP is consistent with the hypothesis that pulse amplitude changes in REG are affected by autoregulation-induced changes in cerebral vascular resistance. The REGx has reasonable accuracy for detection of the LLA when compared with a gold standard and good correlation with the PRx. For functional deployment of the modality, non-invasive measurement of the REG should be evaluated.
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